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PESTICIDE  PROGRAMS 

Rebuttable  Presumption  Against  Registra¬ 
tion  and  Continued  Registration  of  Pesti¬ 
cide  Products  Containing  Benomyl 

Tlie  Deputy  Assistant  Administrator. 
Office  of  Pesticide  Programs.  Environ¬ 
mental  Protection  Agency  (EPA>.  has 
determined  that  a  rebuttable  presump¬ 
tion  exists  against  registration  and  con¬ 
tinued  registration  of  all  pesticide  prod¬ 
ucts  containing  benomyl.' 

I  Regulatory  Provisions 

A  General.  Title  40.  Part  162.11.  of  the 
Code  of  Federal  Regulations  for  the 
Federal  Insecticide,  Fungicide,  and  Ro- 
denticide  Act  (FIFRA)  as  amended  (86 
Stat.  973.  89  Stat.  751,  7  U.SC.  136  ct 
seq.K  provides  that  a  rebuttable  pre¬ 
sumption  against  registration  shall  arise 
if  the  Agency  determines  that  a  pesticide 
meets  or  exceeds  any  of  the  risk  criteria 
relating  to  acute  and  chronic  toxic  ef¬ 
fects  set  forth  in  s  162.11(a) (3> .  If  it 
is  determined  that  such  a  rebuttable  pre¬ 
sumption  has  arisen,  the  regulations  re¬ 
quire  that  the  registrant  be  notified  by 
certified  mail  and  afforded  on  opportu¬ 
nity  to  submit  evidence  in  rebuttal  of  the 
presumption.  In  addition,  the  Agency  has 
determined  that  the  public  should  also 
be  given  notice  of  the  bases  for  the  pre¬ 
sumption  to  provide  an  opportunity  for 
comment  and  to  solicit  additional  in¬ 
formation  relevant  to  the  presumption. 

A  notice  of  rebuttable  presumption 
against  registration  is  issu^  when  the 
evidence  related  to  risk  meets  the  cri¬ 
teria  set  forth  in  §  162.11(a)  (3) .  It  is 
emphasized  that  a  notice  of  rebuttable 
presumption  against  registration  and 
continued  registration  of  a  pesticide  is 
,jipt  a  notice  of  intent  to  cancel  the  regis¬ 
tration  of  a  pesticide,  and  may  or  may  not 
lead  to  cancellation.  The  notice  of  intent 
to  cancel  is  issued  only  if  it  is  deter¬ 
mined  that  the  pesticide  may  generally 
cause  unreasonable  adverse  effects  to  the 
environment  after  careful  consideration 
of  both  the  risks  and  benefits. 

Accordingly,  all  registrants  and  appli¬ 
cants  for  registration  are  invited  pur¬ 
suant  to  40  CPR  162.11(a)  (4)  to  submit 
evidence  in  rebuttal  of  tlie  presumptions 
listed  in  Part  II  of  this  notice.  Registrants 
and  other  interested  parties  may  also 
submit  for  consideration  data  on  benefits 
registration.  In  addition,  any  registrant 
may  petition  the  Agency  to  voluntarily 
cancel  a  current  registration  pursuant  to 
Section  6(a)(1)  of  FIFRA. 

B.  Rebuttal  Criteria.  Section  162.11(a) 
(4 1  provides  that  a  registrant  may  rebut 


'  A  position  document  containing  an  ap¬ 
pendix  of  references,  background  informa¬ 
tion,  and  other  material  pertinent  to  the  Is¬ 
suance  of  this  notice,  has  been  prepared  by 
the  Agency  Working  Group  on  benomyl  and 
is  also  published  with  this  notice. 


the  presumption  by  sustaining  the  bur¬ 
den  of  proving: 

( 1 )  In  Uie  case  of  a  pesticide  presumed 
against  pursuant  to  the  acute  toxicity 
or  lack  of  emergency  treatment  criteria, 
“that  w'hen  considered  with  the  formula¬ 
tion,  packaging,  method  of  use.  and  pro¬ 
posed  restrictions  on  and  directions  for 
use  and  widespread  and  commonly  rec¬ 
ognized  practices  of  use.  the  anticipated 
exposure  to  an  applicator  or  user  and  to 
local,  regional,  or  national  populations  of 
nontarget  organisms  is  not  likely  to  re¬ 
sult  in  any  signficant  acute  adverse 
effects  ’  (40  CFR  162  11(a)  (4)  (i) ) ; 

( 2  •  In  the  case  of  a  pesticide  presumed 
against  pursuant  to  the  chronic  toxicity 
criteria,  “that  when  considered  with  pro¬ 
posed  restrictions  on  use  and  widespread 
and  commonly  recognized  practices  of 
use,  the  pesticide  will  not  concentrate, 
persist  or  accrue  to  levels  in  man  or  the 
environment  likely  to  result  in  any  sig¬ 
nificant  chronic  adverse  effects”  (40  CFR 
162.11(a)  (4)  (ii) ) ;  or 

(3)  In  either  case,  that  “the  deter¬ 
mination  by  the  Agency  that  the  pesti¬ 
cide  meets  or  exceeds  any  of  the  criteria 
for  risk  was  in  error”  (40  CFR  162.11(a) 
(4)  (iii) ) . 

C.  Benefits  Information.  In  addition 
to  submitting  evidence  to  rebut  the  pre¬ 
sumption  of  risk.  Section  162.11(a)  (.5) 
(iii)  provides  that  a  registrant  “may  sub¬ 
mit  evidence  as  to  whether  the  economic, 
social  and  environmental  benefits  of  the 
use  of  the  pesticide  subject  to  the  pre¬ 
sumption  outweigh  the  risk  of  use.”  If 
the  risk  presumptions  are  not  rebuted. 
the  benefit  evidence  submitted  by  the 
registrant.^  applicants,  and  other  inter¬ 
ested  persons  will  be  considered  by  the 
Administrator  in  determining  the  appro¬ 
priate  regulatory  action.  Specifically. 
S  162.11(a)  (5)  (hi)  provides  that  if  the 
“benefits  appear  to  outweigh  the  risks,” 
the  Administrator  may  issue  a  notice  of 
intent  to  hold  a  hearing  pursuant  to  Sec- 


"  Registrants  or  other  interested  persons 
who  de.sire  to  submit  benefit  Information 
should  consider  submitting  information  on 
the  following  subjects,  along  with  any  other 
relevant  information  they  desire  to  submit; 

1.  Identification  of  the  major  uses  of  the 
pesticide,  including  estimated  quantities 
used  by  crop  or  other  application. 

2.  Identification  of  the  minor  u.ses  of  the 
pesticide.  Including  estimated  quantities 
u.'^ed  by  category  such  as  lawn  and  garden 
uses  and  household  u.ses. 

3.  Identification  of  regtstered  alternative 
products  for  the  uses  set  forth  in  ( 1 )  and  (2) 
above,  including  an  estimate  of  their  avail¬ 
ability. 

4.  Determination  of  the  change  in  costs 

to  the  user  of  providing  equivalent  pesticide 
treatment  with  any  available  substitute 
products.  - 

5.  Assessment  of  regulation  impact  upon 
user  productivity  (e  g.,  yield  per  acre  and/or 
total  output)  from  using  aavilable  substi¬ 
tute  pesticides  or  from  using  no  other  pesti¬ 
cides. 

6.  If  the  Imp-'cts  upon  either  u.ser  <'osts  or 
productivity  are  significant,  a  qualitative 
rse.ssment  of  the  regulation's  Impact  on  pro¬ 
duction  of  maior  agricultural  commodities 
and  retail  food  prices  of  such  commodities. 


tion  6(b)(2)  of  FIFRA  rather  than  a 
notice  of  intent  to  cancel  or  deny  reg¬ 
istration  pursuant  to  Section  3(c)(6) 
of  FIFRA.  Alternatively,  if  the  “benefits 
do  not  appear  to  outweigh  the  risks,  the 
Administrator  shall  issue  a  notice  pur¬ 
suant  to  Section  3(c)(6)  or  Section  6(b) 
(1)  of  the  Act,  as  appropriate.”  Moreover, 
if  at  any  time  the  Administrator  deter¬ 
mines  that  a  pesticide  poses  an  “immi¬ 
nent  hazard”  to  humans  or  the  environ¬ 
ment.  a  notice  of  suspension  may  be  is¬ 
sued  pursuant  to  Section  6(c)  of  the 
Act. 

Stated  below  are  the  §  162.11(a)  (3) 
risk  criteria  which  the  Agency  has  found 
to  have  been  met  or  excpeded  by  regis¬ 
trations  and  applications  for  registration 
of  pesticide  products  containing  beno¬ 
myl.  The  Agency’s  basis  for  concluding 
that  these  risk  criteria  have  been  met  or 
exceeded  is  set  out  in  “Benomyl;  Posi¬ 
tion  Document  1,”  which  follows.  Copies 
of  attachments  to  the  Position  Docu¬ 
ment  which  are  not  published  with  this 
notice  are  available  for  public  iaspec- 
tion  in  the  Office  of  Special  Pesticide  Re¬ 
views.  Information  protected  from  dis¬ 
closure  pursuant  to  FIFRA  Section  10 
cannot  be  provided.  Specific  inquiries 
concerning  the  Position  Document,  as 
well  as  requests  for  access  to  these  files, 
should  be  directed  to  Project  Manager 
Mrs.  Esther  Saito,  Office  of  Special  Pes¬ 
ticide  Reviews  (WH-566).  EPA,  room 
447.  East  Tower.  401  M  St.  SW..  Wash¬ 
ington,  D.C.  20460,  202-755-8050. 

II.  Presumptions 

A.  Acute  Toxicity:  Hazard,  to  Wildlife. 
Aquatic  Species.  40  CPR  Section  162.11 
(a)  (3)  (i)  (B)  (3)  provides  that  a  rebutta¬ 
ble  presumption  shall  arise  if  a  pesticide 
“(r)  esults  in  a  maximum  calculated  con¬ 
centration  following  direct  application 
to  a  6-inch  layer  of  water  more  than  Vz 
the  acute  LC  .  for  aquatic  organisms  rep¬ 
resentative  of  the  organisms  likely  to  be 
exposed  as  measured  on  test  animals 
specified  in  the  Registration  Guidelines.” 

On  the  basis  of  scientific  studies  and 
information  summarized  in  the  Pasltion 
Document,  the  Agency  has  concluded 
that  this  risk  index  has  been  exceeded  by 
all  registrations  and  applications  for  reg¬ 
istration  of  pesticide  products  containing 
benomyl  which  are  for  direct  application 
to  water,  and  that  a  rebuttable  presump¬ 
tion  against  new  or  continued  registra¬ 
tion  of  such  products  has  therefore 
arisen. 

B.  Mutagenicity.  40  CFR  S  162.11(a) 
(3)(ii)(A)  provides  that  a  rebuttable 
presumption  shall  arise  if  a  pesticide 
“♦  »  *  induces  mutagenic  effects,  as  de¬ 
termined  by  multitest  evidence.” 

On  the  basis  of  scientific  studies  and 
information  summarized  in  the  Position 
Document,  the  Agency  has  concluded 
that  this  risk  index  has  been  exceeded 
by  all  registrations  and  applications  for 
registration  of  pesticide  products  con¬ 
taining  benomyl.  and  that  a  rebuttable 
presumption  against  new  or  continued 
registration  of  such  products  has  there¬ 
fore  arisen. 
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C.  other  Chronic  or  Delayed  Toxic  Ef¬ 
fects.  40  CPR  §  162.11(a)  (3)  (ii)  (B)  pro¬ 
vides  that  a  rebuttable  presumption  shall 
arise  if  a  pesticide  “tplroduces  any  other 
chronic  or  delayed  toxic  effect  in  test 
animals  at  any  dosage  up  to  a  level,  as 
determined  by  the  Administrator,  which 
is  substantially  higher  than  that  to 
which  humans  can  reasonably  be  antici¬ 
pated  to  be  exposed,  taking  into  account 
ample  mareins  of  safety  *  * 

On  the  basis  of  scientific  studies  and 
information  summarized  in  the  Position 
Document,  the  Agency  has  concluded 
that  the  risk  index  for  teratogenicity  has 
been  exceeded  by  all  registrations  and 
applications  for  registration  of  pesticide 
products  containing  benomyl  which  are 
for  home  use,  and  that  a  rebuttable  pre¬ 
sumption  against  new  or  continued  reg¬ 
istration  of  such  products  has  therefore 
arisen. 

On  the  basis  of  scientific  studies  and 
Information  summarized  in  the  Position 
Document,  the  Agency  has  concluded 
that  the  risk  index  for  reduction  in  sper- 
matogenic  activity  has  been  exceeded  by 
all  registrations  and  applications  for 
re^tration  of  pesticide  products  con¬ 
taining  benomyl  and  that  a  rebuttable 
presumption  against  new  or  continued 
registration  of  such  products  has  there¬ 
fore  arisen. 

D.  Population  Reductions  in  Non¬ 
target  Organisms.  40  CPR  §  162.11(a) 
<3)  (ii)  (C)  provides  that  a  rebuttable 
presumption  shall  arise  if  a  pesticide 
“[clan  reasonably  be  anticipated  to  re¬ 
sult  in  significant  local,  regional,  or  na¬ 
tional  population  reductions  in  nontarget 
organisms  •  *  *” 

On  the  basis  of  scientific  studies  and 
information  smnmarized  in  the  Position 
Document,  the  Agency  has  concluded 
that  the  risk  index  for  population  reduc¬ 
tions  in  nontarget  organisms  has  been 
exceeded  by  registrations  and  applica¬ 
tions  for  registration  of  pesticide  prod¬ 
ucts  containing  benomyl  which  are  for 
outdoor  use,  and  that  a  rebuttable  pre¬ 
sumption  against  new  or  continued  regis¬ 
tration  of  such  products  has  therefore 
arisen. 

in.  Additional  Grounds  For  Review 

As  discussed  in  more  detail  in  the  at¬ 
tached  Position  Document,  benomyl  has 
the  potential  of  reacting  with  nitrites  to 
form  N-nltroso  compounds.  Some  N- 
nitroso  compoimds  are  known  to  possess 
oncogf'  ’  properties.  The  data  and 
analys  vailable  at  this  time  with  re¬ 
spect  to  the  potential  formation  of  on¬ 
cogenic  compounds  are  not  sufficient  to 
warrant  the  issuance  of  a  Rebuttable 
Presumption.  The  Agency  specifically 
solicits  further  evidence  bearing  on  the 
likelihood  and  significance  of  such  re¬ 
action.  All  comments  and  information 
received  with  respect  to  this  potential 
reaction,  including  analysis  thereof,  may 
serve  as  a  basis  for  a  final  decision  as  to 
the  registrability  of  benomyl  pesticides 
[40  CFR  162.11(a)  (6)1. 

IV.  Registrations  and  Products  Subject 
TO  the  Notice 

All  registrants  and  applicants  for 
registration  listed  below  are  being  noti¬ 


fied  by  certified  mail  of  the  rebuttable 
presumption  existing  against  registra¬ 
tion  and  continued  registration  of  their 
products. 

The,  registrants  and  applicants  for 
registration  shall  have  45  days  from  the 
date  this  notice  is  sent  or  until  January 
23, 1978  to  submit  evidence  in  rebuttal  of 
the  presumption.  However,  the  Admin¬ 
istrator  may,  for  good  cause  shown,  grant 
an  additional  60  days  during  which  such 
evidence  may  be  submitted.  Notice  of 
such  an  extension,  if  granted,  will  ap¬ 
pear  in  the  Federal  Register. 

A  registrant  or  applicant  for  registra¬ 
tion  may,  if  it  desires,  assert  a  business 
confidentiality  claim  covering  part  or  all 
of  the  information  submitted  in  rebuttal. 
The  registrant  or  applicant  may  assert 
the  claim  by  placing  on  or  attaching  to 
the  information  a  cover  sheet,  stamped 
or  typed  legend,  or  other  suitable  form 
of  notice  employing  language  such  as 
“trade  secret,’’  “proprietary,”  or  “com¬ 
pany  confidential.”  Allegedly  confiden¬ 
tial  portions  of  otherwise  nonconfiden- 
tial  documents  should  be  clearly  marked. 

If  a  confidentiality  claim  is  asserted, 
the  information  covered  by  the  claim  will 
be  disclosed  by  EPA  only  to  the  extent 
and  by  means  of  the  procedures  set  forth 
in  40  CFR  2,  Subpart  B  (41  FR  36906, 
September  1,  1976) .  If  no  confidentiality 
claim  accompanies  the  information  at 
the  time  it  is  received  by  EPA,  EPA  will 
place  the  information  in  the  public  com¬ 
ment  file  where  it  will  be  available  for 
public  inspection. 

If  a  registrant  or  applicant  does  assert 
a  confidentiality  claim  for  some,  but  not 
all,  of  the  information  submitted  to  EPA 
in  rebuttal,  the  registrant  or  applicant 
should  furnish  two  copies  of  the  infor¬ 
mation  to  EPA.  The  first  copy  should 
contain  all  of  the  Information  submit¬ 
ted  in  rebuttal  with  information  claimed 
as  confidential  clearly  identified.  The 
second  copy  should  be  identical  to  the 
first  except  that  all  information  claimed 
as  confidential  should  be  deleted.  Ihe 
second  copy  will  be  placed  in  the  public 
comment  file.  The  first  copy  will  be 
treated  in  accordance  with  the  proce¬ 
dures  set  out  above. 

V.  Duty  To  Submit  Information  on 
Adverse  Effects 

Registrants  are  required  by  law  to 
submit  to  EPA  any  additional  informa¬ 
tion  regarding  any  adverse  effects  on 
man  or  the  environment  which  comes 
to  a  registrant’s  attention  at  any  time, 
pursuant  to  Section  6(a)  (2)  of  FIFRA 
and  40  CFR  162.8(d),  If  any  registrant 
of  benomyl  product  has  any  published 
or  unpublished  information,  studies,  re¬ 
ports,  analyses,  or  reanalyses  regarding 
any  Averse  effects  in  animal  species  or 
humans,  residues,  and  claimed  or  verified 
accidents  to  humans,  domestic  animals, 
or  wildlife,  which  have  not  been  previ¬ 
ously  submitted  to  EPA,  the  material 
must  be  submitted  immediately.  When 
responding  to  this  notice,  each  registrant 
shall  submit  a  written  certification  to 
the  Agency  that  all  information  regard¬ 
ing  any  adverse  effects  known  to  the  reg¬ 
istrant  has  been  submitted.  In  addition. 


the  registrants  should  notify  EPA  of 
any  studies  currently  in  progress,  in¬ 
cluding  the  purpose  of  the  study,  the 
protocol,  the  approximate  completion 
date,  and  a  summary  of  all  results  ob¬ 
served  to  date. 

VI.  Public  Comments 

During  the  time  allowed  for  submis¬ 
sion  of  rebuttal  evidence,  specific  com¬ 
ments  on  the  presumptions  set  forth  in 
this  notice  and  on  the  material  con¬ 
tained  in  the  Position  Document  are  so¬ 
licited  from  the  public.  In  particular,  any 
documented  episodes  of  adverse  effects  to 
humans,  domestic  animals,  or  wildlife, 
and  information  as  to  any  laboratory 
studies  in  progress  or  completed,  are  re¬ 
quested  to  be  submitted  to  EPA  as  soon 
as  possible.  Specifically,  information  on 
the  fate  and  effects  of  Benomyl,  its  im¬ 
purities,  metabolites,  and  degradation 
products  on  flora  and  fauna,  particular¬ 
ly  animals  with  metabolism  similar  to 
that  in  humans,  is  solicited.  Similarly, 
any  studies  or  comments  on  the  bene¬ 
fits  from  the  use  of  Benomyl  are  re¬ 
quested  to  be  submitted.  All  comments 
and  information  received,  as  well  as  any 
other  relevant  information  and  analysis 
thereof,  which  come  to  the  attention  of 
the  Agency  may  serve  as  a  basis  for 
final  determination  pursuant  to  §  162.11 
(a)(5). 

All  comments  and  information  should 
be  sent  to: 

Federal  Register  Section,  Technical  Serv¬ 
ices  Division  (WH-569),  Room  401  East 
Tower,  401  M  Street  SW.,  Washington,  D.C. 
20460. 

’Three  copies  of  the  comments  or  infor¬ 
mation  should  be  submitted  to  facilitate 
the  work  of  the  Agency  and  others  in¬ 
terested  in  inspecting  them.  The  com¬ 
ments  and  information  should  bear  the 
identifying  notation  "OPP-30000/23.” 
Comments  and  information  received 
within  the  specified  time  limit  shall  be 
considered  before  it  is  determined 
whether  a  notice  shall  be  issued  in  ac¬ 
cordance  with  40  CPR  162.11(a)  (5)  (li). 

Comments  received  after  the  specified 
time  period  will  be  considered  only  to 
the  extent  feasible,  consistent  with  the 
time  limits  imposed  by  40  CTR  162.11(a) 
(5)  (ii) .  All  written  comments  and  infor¬ 
mation  filed  pursuant  to  this  notice  will 
be  available  for  public  inspection  in  the 
office  of  the  Federal  Register  Section 
from  8:30  a.m.  to  4  p.m.  during  normal 
working  days. 

Interested  persons  are  encouraged  to 
take  advantage  of  the  opportunity  to  in¬ 
spect  Agency  files  during  normal  work¬ 
ing  bourse  since  (1)  all  of  the  informa¬ 
tion  received  may  serve  as  a  basis  for  fi¬ 
nal  determination  pursuant  to  162.11(a) 
(5)  and  (2)  the  Agency  will  not  generally 
publish  a  summary  of  information  re¬ 
ceived  in  the  Federal  Register  at  the 
the  close  of  the  rebuttal  period. 

Your  cooperation  is  solicited  in  iden¬ 
tifying  any  errors  or  omissions  which 
may  have  been  made  in  the  following 
computer  listings.  Corrections  to  the  list¬ 
ings  may  not  necessarily  be  published  in 
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the  Federal  Register,  but  rather  han¬ 
dled  by  mail  with  affected  parties.  Omis¬ 
sions  will  be  corrected  by  notice  in  the 
Federal  Register. 

Dated:  November  23, 1977. 

Edwin  L.  Johnson, 
Deputy  Assistant  Administrator 

for  Pesticide  Programs. 

Benomyl:  Position  Document  1 

BENOMYL  W’ORKINC  GROUP,  ESTHER  SAITO. 

project  manager,  office  of  special 

pesticide  reviews,  U.S.  ENVIRONMENTAL 

PROTECTION  AGENCY 

1.  Background 

A.  CHEMISTRY 

1.  General  Chemistry.  Benomyl  is  the 
common  name  for  the  chemical  methyl 
1  -  ( butylcarbamoy  1 )  -2  -benzimidazolecar- 
bamate.  First  introduced  in  1967  as  an 
experimental  fungicide  under  the  code 
name  “DuPont  1991,”  benomyl  is  also 
sold  under  the  trade  names  Benlate® 
and  Tersan®  1991. 

Benomyl  has  the  molecular  formula 
C.,H„N,0:  and  a  molecular  weight  of  290. 
The  structural  formula  is : 


Benomyl  is  made  by  the  reaction  of  the 
condensation  product  of  o-phenylene 
diamine  and  NCNHCOOCH:.  with  n- 
butyl  isocyanate  (1).  Benomyl,  a  white 
crystalline  solid  with  a  faint  acrid  odor, 
decomposes  before  melting.  It  is  essen¬ 
tially  insoluble  in  water  or  oils,  but  it  is 
soluble  in  acetone,  chloroform,  and 
xylene.  It  is  not  volatile  at  room  tempera¬ 
ture  or  corrosive  to  metals. 

Figure  2  outlines  the  chemical  break¬ 
down  of  benomyl  under  laboratory  con¬ 
ditions  (2).  In  aqueous  solution  benomyl 
is  hydrolyzed  to  methyl  2-benzimidazole 
carbonate  (MBC)  and  butyl  isocyanate. 
Under  alkaline  conditions  MBC  hydro¬ 
lyzes  to  2-aminobenzimidazole  (2-AB). 
Direct  alkaline  treatment  of  benomyl 
yields  3-butyl-S-triazino  (1.2a]  benzim- 
idazole-2.4(lH,3H)dione  (STB),  which  is 
unstable  in  hot  alkali  and  is  converted  to 
2-(3-butylureido)  -benzimidazole  (BUB) . 


It  does  not  appear  that  the  metabolites 
formed  upon  direct  alkaline  treatment 
under  laboratory  conditions  are  formed 
in  nature.  Baude  and  co-workers  were 
unable  to  find  residues  of  BUB  and  STB 
in  leaves  sprayed  with  benomyl;  MBC 
residues  were  present  (3).  Data  from 
studies  on  rats,  dogs,  dairy  cows,  and 
chickens  indicate  that  benomyl  is 
metabolized  to  methyl  5-hydroxy-2- 
benzimidazolecarbamate  (5-HBC)  and 
its  isomer  methyl  4-hydroxy-2-benzimid- 
azolecarbamate  (4-HBC)  (4). 

2.  Residue  Chemistry. — (a)  Soil.  The 
half-life  for  all  benzimidazole-containing 
residues  of  benomyl  (calculated  as  ben¬ 
omyl  and  hereafter  referred  to  as  BIA 
metabolites)  is  approximately  3  to  6 
months  on  turf  and  about  6  to  12  months 
on  bare  soil;  the  major  portion  of  the 
residues  is  found  in  the  top  4  inches  of 
soil  (5).  Using  “C-labeled  material, 
RhtKles  and  co-workers  found  that  ben¬ 
omyl  and  the  metabolites  MBC  and  2- 
AB  are  essentially  immobile  in  soil  and 
do  not  leach  or  move  significantly  from 
the  site  of  application  (6) . 


In  1973  the  Technical  Services  Division 
(TSD)  of  the  Oflace  of  Pesticide  Programs 
(OPP)  of  the  Environmental  Protection 
Agency  monitored  farms  in  Oregon, 
Washington,  and  New  York  where  be¬ 
nomyl  had  been  applied.  Benomyl  was 
found  in  64  percent  of  the  45  soil  sam¬ 
ples  analyzed  by  the  Ecological  Monitor¬ 
ing  Branch  of  TSD.  Residue  concentra¬ 
tions  ranged  from  undetectable  amounts 
to  4.58  parts  per  million  (ppm),  with 
an  arithmetic  mean  of  0.48  ppm  (7) . 

(b)  Animals.  Benomyl  is  normally 
metabolized  in  animals  to  5-HBC,  which 
apears  in  the  urine  as  glucuronide  and/ 
or  sulfate  conjugates.  Other  possible  deg¬ 
radation  products  in  animal  systems  in¬ 
clude  MBC  and  4-HBC.  Metabolic  stud¬ 
ies  (4,  8)  indicate  that  benomyl  and  its 
metabolites  do  not  accumulate  in  animal 
tissues  but  are  eliminated  rather  rapidly 
as  sulphate  or  glucuronide  conjugates  in 
the  urine  or  feces. 

No  benomyl-MBC  residues  were  de¬ 
tected  in  milk  from  dairy  cows  fed  be¬ 
nomyl  (up  to  50  ppm)  when  the  mini¬ 
mum  level  of  detection  was  0.02  ppm.  No 


residues  of  5-HBC  or  4-HBC  were  de¬ 
tected  in  milk  of  cows  fed  2  ppm  be¬ 
nomyl  in  the  diet  when  the  minimum 
level  of  detection  was  0.01  ppm.  At  this 
level  of  sensitivity  only  5-HBC  was  de¬ 
tectable  when  the  animals  were  fed  10 
ppm.  In  cows  fed  50  ppm  the  average 
combined  residue  of  5-HBC  and  4-HBC 
in  the  milk  was  about  0.1  ppm  (4) . 

No  residues  of  benomyl  or  any  of  its 
metabolites  were  detected  (level  of  sensi¬ 
tivity  0.02  ppm)  in  eggs  frcrni  chickens 
fed  5  ppm  benomyl  in  their  diet,  and 
only  5-HBC  (0.03  to  0.06  ppm)  was  found 
in  eggs  from  chickens  fed  25  ppm 
benomyl  (4). 

(c)  Plants.  Studies  of  the  systemic  up¬ 
take  of  benomyl  after  foliar  treatments 
indicate  that  relatively  small  amounts 
of  residues  can  penetrate  the  leaf  sur¬ 
face  and  transl(x:ate  to  untreated  por¬ 
tions  of  the  plant.  Although  more  ben¬ 
omyl  than  MBC  penetrates  and  moves 
through  the  leaf  cuticle,  systemic  trans- 
l(x:ation  involves  primarily  MBC  and  to  a 
lesser  degree  2-AB  (9,  10).  The  trans¬ 
located  residues  are  carried  by  the  in¬ 
tercellular  transpiration  stream  toward 
the  edges  and  tips  of  leaves,  where  they 
then  accumulate.  Benomyl  is  readily  ab¬ 
sorbed  through  the  root-system  of  plants 

(11). 

Benomyl  remains  on  foliar  surfaces  as 
a  relatively  stable  residue,  only  gradually 
degarding  to  MBC.  In  one  study  benomyl 
residues  on  the  feaves  of  apple,  cucum¬ 
ber,  banana,  orange,  and  grape  plants  21 
to  23  days  after  treatment  were  esti¬ 
mated  at  48  to  77  percent  of  the  com¬ 
bined  residues  of  benomyl  and  MBC  (3) . 

In  oranges  stored  for  2  months  after 
post-harvest  dipping  the  amount  of  re¬ 
sidual  "C-benomyl  (benomyl  and  MBC) 
decreased  slowly.  Only  a  small  amount 
was  foimd  in  the  flesh,  where  as  the 
major  portion  remained  in  the  peel.  Two 
weeks  after  application.  61  percent  of  the 
surface  residues  remained  unchanged: 
38  percent  had  been  converted  to  MBC 

(12). 

(d)  Water.  On  contact  with  water 
benomyl  rapidly  breaks  down  to  MBC. 
conversion  being  complete  within  a  w’eek 

(13) . 

B.  Registered  Uses  and  Production.  Du¬ 
pont  is  the  only  registered  producer  of 
technical  grade  benomyl  in  the  United 
States.  Under  Sections  7(c)  of  the  Fed¬ 
eral  Insecticide,  Fungicide,  and  Rodenti- 
cide  Act  (FIFRA)  manufacturers  and 
formulators  are  required  to  submit  in¬ 
formation  on  production,  sales,  and  dis¬ 
tribution.  Under  Section  10.  this  infor¬ 
mation  is  considered  confidential  and 
cannot  be  released  to  the  public,  but  it  is 
made  available  to  the  Administrator  in 
a  confidential  appendix  to  this  reixirt 

(14) . 

There  are  27  products  Federally  reg¬ 
istered  by  18  registrants.  Fourteen  State 
registrants  have  applied  under  40  CFR 
162.17  for  Federal  registration  of  49  prod¬ 
ucts.  Eight  products  not  previously  reg¬ 
istered  have  been  submitted  by  four  ap¬ 
plicants. 

Of  the  27  Federally  registered  benomyl 
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formulations  19  are  50  percent  wettable 
powders;  4  are  1.1  to  1.6  percent  granu¬ 
lar  formulations,  2  are  3  and  10  percent 
solutions  registered  for  postharvest  dip¬ 
ping  against  fruit  rot,  and  1  is  1.95  per¬ 
cent  benomyl  in  fertilizer  for  use  on  turf. 

Benomyl  is  registered  for  use  as  a  fun¬ 
gicide  on  fruits,  nuts,  and  vegetables  be¬ 
fore  And  after  harvest:  on  rice  to  control 
blast  and  stem  rot;  on  bulbs,  corms,  and 
ornamental  crops  to  control  basal  rot;  on 
elm  trees  to  control  Dutch  elm  disease;, 
and  as  a  fimgicide  on  flowers,  ornamen¬ 
tals,  shade  trees,  grasses,  and  roses. 

II.  Regulatory  History 

The  first  registration  for  a  product 
containing  benomyl  was  granted  July  1, 
1970,  to  duPont  (EPA  Registration  Num¬ 
ber  352-354).  Tolerances  (40  CFR  180.- 
294)  have  been  established  for  residues 
of  benomyl  and  its  BIA  metabolites  in  or 
on  raw  agricultural  commodities. 

Table  1. — Benomyl  Tolerances 

Tolerance 


Commodities:  (ppm) 

Almond  hulls _  1 

Avocados _  1 

Apples  (pre-  and  postharvest) _  7 

Apricots  (pre-  and  postharvest) _  15 

Bananas  (pre-  and  postharvest) _  1 

Banana  pulp _  .2 

Beans _  2 

Bean  vine  (forage) _  50 

Blackberries _  7 

Blueberries _  7 

Boysenberries  _  7 

Cattle  (fat) _ 1 

Cattle  (meat  byproduct) _  .1 

Cattle  (meat) _  .1 

Celery  _  3 

Cherries  (pre- and  postharvest) _  15 

Citrus  fruits  (pre-  and  posthar¬ 
vest)  _  10 

Cucumbers _  1 

Dewberries _  7 

Eggs  . . 1 

Goats  (fat) _  .1 

Goats  (meat  byproduct) _  .1 

Goats  (meat) _  .1 

Grapes  _  10 

Hogs  (fat) _  .1 

Hogs  (meat  byproduct) _  .1 

Hogs  (meat) _  .1 

Horses  (fat) _  .1 

Horses  (meat  byproduct) _  .1 

Horses  (meat) _  .1 

Loganberries  _  7 

Mangoes _ 3 

Melons _  1 

Milk . . . . I  .1 

Mushrooms  _  10 

Nectarines  (pre-  and  postharvest) 15 

Nuts _  .2 

Peaches  (pre-  and  postharvest) _  15 

Peanuts _  .2 

Peanut  forage _  16 

Peanut  hay _  15 

Peanut  hulls _  2 

Pears  (pre-  and  postharvest) _  7 

Pineapples  (postharvest) . 35 

Plums  (pre-  and  postharvest,  in¬ 
cluding  fresh  prunes) _  15 

Poultry  (fat) _  .1 

Poultry  (liver) _  .2 

Poultry  (meat  byproduct) _  .1 

Poultry  (meat) _  .1 

Pumpkins _  1 

Raspberries  _  7 


Tolerance 

Commodities:  (ppm) 

Rice .  5 

Rice  straw _  15 

Sheep  (fat) -  .1 

Sheep  (meat  byproduct) _  .1 

Sheep  (meat) -  .1 

Soybeans _  .2 

Squash  (summer  and  winter) _  1 

Strawberries  -  5 

Sugar  beet  roots -  .2 

Sugar  beet  tops -  15 

Tomatoes  _  5 


The  tolerance  for  the  combined  resi¬ 
dues  of  benomyl  and  its  BIA  metabohtes 
in  raisins  is  50  ppm,  when  the  residue  is 
present  as  a  result  of  application  of  the 
fungicide  to  growing  grapes  (21  CFR 
193.30). 

The  following  tolerances  for  benomyl 
as  a  food  additive  have  also  been  estab¬ 
lished  (21  CFR  561.50) : 

“125  parts  per  million  in  dried  grape  pom¬ 
ace  and  raisin  waste  when  present  therein 
as  result  of  application  of  the  fungicide  to 
growing  grapes. 

70  parts  per  million  in  dried  apple  pomace 
when  present  therein  as  a  result  of  applica¬ 
tion  (preharvest  and/or  postharvest)  of  the 
fungicide  to  the  raw  agricultural  commod¬ 
ity  apples. 

50  parts  per  million  in  dried  citrus  pulp 
when  present  therein  as  a  result  of  appli¬ 
cation  (preharvest  and/or  postharvest)  of 
the  fungicide  to  the  raw  agricultural  com¬ 
modity  citrus  fruits. 

20  parts  per  million  in  or  on  rice  hulls 
when  present  therein  as  a  result  of  prehar¬ 
vest  application  of  the  fungicide  to  the  raw 
agricultural  commodity  rice." 

III.  Summary  of  Scientific  Evidence  to 

Support  Rebuttable  Presumption 

40  CJPR  162.11(a)(3)  provides  that  a 
rebuttable  presumption  shall  arise  if  a 
pesticide’s  ingredients,  metabolites,  or 
degradation  products  meet  or  exceed  (i) 
acute  toxicity  risk  criteria  relating  to 
hazards  to  humans,  domestic  animals,  or 
wildlife,  or  (ii)  chronic  toxicity  risk  cri¬ 
teria  relating  to  humans  and  to  popula¬ 
tion  reductions  in  nontarget  organisms 
or  fatality  to  members  of  endangered 
species. 

A.  ACUTE  TOXICITY :  HAZARD  TO  AQUATIC 
ORGANISMS 

Section  162.11(a)  (3)  (i)  (B)  (3)  speci¬ 
fies  that  a  rebuttable  presumption  shall 
arise  against  a  pesticide  if  its  direct  ap¬ 
plication  to  a  6-inch  layer  of  water  ac¬ 
cording  to  label  instructions  results  in 
concentrations  greater  than  one-half 
the  acute  LCm  for  aquatic  organisms 
likely  to  be  exposed. 

It  can  be  calculated  that  application 
of  pesticide  products  containing  benomyl 
labeled  for  use  against  rice  blast  and 
stem  rot  at  a  rate  of  up  to  2  pounds/acre 
results  in  a  concentration  of  734  ppb  (0. 
734  ppm)  in  a  6-inch  layer  of  water  ( 15) , 
an  amoimt  that  is  greater  than  one-half 
the  acute  LC.-,o  for  bluegill  sunflsh,  chan¬ 
nel  catfish,  and  Daphnia  magna  (Table 
2). 


Table  2. — The  96-hr  LCao  for  Bluegill 
Sun  and  Channel  Catfish  and  the  ili-hr 
LCw  for  Daphnia  magna 


OrRanism 

LCm 

Appen¬ 

dix 

Blupgill  sunfish . 

. 1.2  p/ni . 

If. 

Do . 

. 26  p/ni . . 

17 

Do . 

. 0.2  p/m . 

18 

Do . 

Channel  catlish: 

. 0.4-0.5p/m... 

18 

Yolk  sae . 

. 8-10  p/b . 

19 

0.day-old  fry . 

. 12  iVi) . 

19 

12.<layK)ld  fry.. . 

. 19  p/b . . 

19 

Daphnia  magna . 

. 0.64  p/m  ' _ 

20 

■  48-hr  LCso  value . 


Differences  in  the  temperature  of  the 
water  in  which  the  fish  were  kept  or  in 
the  fish’s  weights  could  accoimt  for  the 
differences  in  LC.-.,.  figures  for  bluegill 
sunflsh  (15). 

Because  the  calculated  residue  of  beno¬ 
myl  (734  ppb)  in  water  after  its  direct 
application  according  to  label  directions 
is  greater  than  one-half  the  acute  LCm 
for  bluegill  sunflsh,  channel  catfish,  and 
Daphnia  magna  the  criterion  of  Section 
162.11(a)  (3)  (i)  (B)  (3)  is  exceeded.  Ac¬ 
cordingly,  the  Working  Group  concludes 
that  a  presumption  has  arisen  against 
pesticide  products  containing  benomyl 
which  are  registered  for  direct  applica¬ 
tion  to  water. 

B.  CHRONIC  TOXICITY 

1.  Mutagenic  Effects  in  Multitest  Sys¬ 
tems.  40  CFR  162.11(a)  (3)  (ii)  (A)  pro¬ 
vides  that  a  rebuttable  presumption  shall 
arise  if  a  pesticide’s  ingredients,  metabo¬ 
lites,  or  degradation  products  induce  mu¬ 
tagenic  effects,  as  determined  by  multi¬ 
test  evidence. 

Benomyl  and  its  metabolite  MBC  have 
been  shown  to  effect  somatic  chromo¬ 
somal  abnoramlities  and  point  (gene) 
mutations  in  microbial  and  mammalian 
test  systems.  Further  evidence  of  the  mu¬ 
tagenic  effects  of  these  compopnds  has 
been  obtained  in  studies  of  plants.  Beno¬ 
myl  and  MBC  have  also  been  shown  to 
reach  gonadal  tissues  in  mammals  with 
physiological  effects;  hence  it  has  the 
potential  of  interacting  with  the  genetic 
material  of  gametes. 

(a)  Chromosomal  Effects. — (i)  Mam¬ 
malian  Cells  in  Culture.  Benomyl  and 
MBC  have  been  shown  to  cause  mitotic 
delay  (21),  a  low  incidence  of  chromo¬ 
somal  breakage  (21),  and  multi-nuclea- 
tion  (21,  22)  in  human,  mouse,  and  ham¬ 
ster  cell  lines. 

(ii)  Mammalian  Tests  in  Vivo.  Meta¬ 
phase  arrest  and  micronuclei  formation 
occurred  in  bone  marrow  cells  of  rats 
treated  with  MBC;  in  addition  there  was 
a  low  frequency  of  chromosomal  break¬ 
age  and  formation  of  anaphase  bridges. 
Benomyl  caused  similar  abnormal  ar¬ 
rangements  when  given  by  intraperi- 
toneal  injection  but  not  orally  (21). 

Seiler  (1976)  found  that  benomyl  and 
MBC  both  produced  dose-related  muta¬ 
genic  effects  in  the  micronucleus  test  in 
mice.  In  addition,  lagging  chromosomes, 
anaphase  bridges,  unequally  distributed 
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chromosomes,  and  tripolar  anaphases 
appeared  in  mitotic  bone  marrow  cells  of 
treated  animals;  none  of  these  effects 
was  noted  in  control  cells  (23).  The  au¬ 
thor  concluded  that  the  main  action  of 
benomyl  was  the  inhibition  of  the  mi¬ 
totic  spindle,  which  may  predispose  to 
nondis junctional  errors.  The  finding  of 
anaphase  bridges  indicates  that  benomyl 
can  break  chromosomes. 

Benomyl  administered  in  doses  up  to 
0.25%  of  the  diet  did  not  increase  the 
frequency  of  dominant  lethal  mutations 
in  the  rat  (24). 

(iii)  Plants. 

Higher  Plants 

The  incidence  of  chromosomal  abnor¬ 
malities,  including  breaks  and  exchanges, 
increased  in  barley  and  broad  beans 
treated  with  benomyl  (25) .  On  the  other 
hand,  no  clear-cut  chromosomal  muta¬ 
genic  effect  was  found  in  treated  onion 
root-tip  cells  and  yye  pollen  mother  cells 
( 26.27 ».  In  another  study  of  onion  root- 
tip  cells  the  increase  in  the  frequency  of 
chromosomal  aberrations,  which  were 
apparently  anaphase  bridges  and  mi¬ 
totic  nondisjunctions,  was  slight  but  sig¬ 
nificant  (28). 

Lower  Plants 

Benomyl  interfered  with  normal 
nuclear  division  in  Saccharomyces 
ceresiae  and  Ustilago  maydis  (10)  and  in 
Botrytis  cineara  (28) ;  MBC  had  a  simi¬ 
lar  effect  in  Aspergillus  nidulans  (29). 
Interference  with  cell  division  may  pre¬ 
dispose  to  chromosomal  nondisjuction. 

(b)  Point  Mutations. — (i)  Plants. 
When  conidia  of  Fusarium  oxysporum 
were  treated  with  benomyl,  auxotrophic 
mutants  were  isolated  at  rates  signifi¬ 
cantly  greater  than  the  conrtol  rate  (27) . 

(ii)  Bacteria.  Two  studies  have  re¬ 
ported  that  MBC.  benomyl,  and  other 
benzimidazoles  induce  base-substitution 
mutations  as  detached  by  the  Ames  test 
w'ithout  metabolic  activation.  Salmonella 
typhimurium  strains  his  G46,  TA1530. 
and  TA1535  were  used  in  the  tests.  For¬ 
ward  mutations  were  induced  in  Sal¬ 
monella  strain  LT-2  by  MBC;  reverse 
mutations  were  induced  in  Escherichia 
coli  strain  WP2  uvrA  but  not  in  strain 
WP2,  which  is  excision  proficient  (30, 
31) .  Mutations  appear  to  result  from  the 
Incorporation  of  benzimidazoles  into 
DNA  in  place  of  purine  bases  (32) ;  it  has 
been  hypothesized  that  mutation  oc¬ 
curs  when  the  abnormal  base  is  recog¬ 
nized  by  the  cell  but  the  defect  is  not 
repaired  correctly  (31),  One  study  in¬ 
dicates  that  benomyl  does  not  produce 
mutations  in  Salmonella  typhimurium 
without  activation  or  in  the  rodent  host- 
mediated  assay  (33). 

(c)  Other  Studies  Bearing  upon  Muta¬ 
genicity.  Benomyl,  MBC,  and  some  other 
benzimidazole  fungicides  induced  genetic 
segregation  in  a  diploid  strain  of  Asper¬ 
gillus  nidulans  which  was  heterozygous 
for  spore-color  markers  and  nutritional 
mutants  (34). 

The  fact  that  repeated  oral  doses  of 
MBC,  and  to  a  minimal  extent  benomyl. 
produced  toxic  effects  in  rat  testes  shows 


that  these  compounds  can  affect  the  pri¬ 
mary  reproductive  tissues  (21). 

Since  some  decrease  in  spermatogenic 
activity  in  dogs  and  rats  was  reported 
to  have  been  caused  by  acute  inhalation 
exposure  (35.  36),  it  can  be  concluded 
that  benomyl  reaches  the  gonads.  The 
fact  that  degeneration  of  testicular  tis¬ 
sue  has  been  demonstrated  in  Sprague- 
Dawley  rats  fed  high  amounts  of  MBC 
(37)  indicates  that  MBC  is  also  trans¬ 
ported  to  the  gonads. 

The  Working  Group  concludes  from 
these  studies  that  benomyl  and  MBC 
are  mutagenic  in  multitest  systems.  Ac¬ 
cordingly,  a  rebuttable  presumption  has 
arisen  against  all  pesticide  products  con¬ 
taining  benomyl. 

2.  Adverse  Reproduction  Effects  of 
Benomyl.  40  CFR  162.11(a)  (3)  (ii)  (B) 
provides  that  a  rebuttable  presumption 
shall  arise  if  a  pesticide  produces  any 
other  chronic  or  delayed  toxic  effect  in 
test  animals  at  any  dosage  up  to  a  level, 
as  determined  by  the  Administrator, 
which  is  substantially  higher  than  that 
to  which  humans  can  reasonably  be  an¬ 
ticipated  to  be  exposed,  when  ample 
margins  of  safety  are  taken  into  ac¬ 
count. 

Benomyl  has  been  shown  to  induce 
teratogenic  effects  in  Wistar  rats  and 
cau.se  a  reduction  in  spermatogenic  ac¬ 
tivity  in  both  rats  and  dogs. 

Unlike  presumptions  based  on  the  risk 
criteria  for  oncogenicity  and  mutageni¬ 
city.  Uie  EPA  regulations  require  that 
presumptions  based  on  “other  chronic 
effects”  criteria,  such  as  teratogenicity 
and  other  reproductive  effects,  must  take 
into  account  human  exposure  in  deter¬ 
mining  whether  the  criteria  have  been 
exceeded.  The  Working  Group  is  un¬ 
aware  of  any  definitive  data  indicating 
the  precise  quantities  of  benomyl  to 
which  humans  are  exposed.  The  Work¬ 
ing  Group  has.  therefore,  relied  on  as¬ 
sumptions  to  determine  levels  of  benomyl 
to  which  humans  might  be  exposed. 

The  Working  Group  recognizes  that  its 
calculations  are  based  on  theoretical  as¬ 
sumptions  rather  than  on  empirical 
evidence,  none  of  which  is  available.  The 
Working  Group  recommends  that  the 
Agency  solicit  further  data  on  exposure 
from  actual  use. 

(a)  Teratogenic  Effects.  The  Working 
Group  has  consider^  three  papers  on 
terat^enic  effects,  which  ha\^  been  re- 
view^ed  by  Battelle  Memorial  Labora¬ 
tories  (38).  Schtenberg  and  Torchinski 
orally  administered  benomyl  in  doses  up 
to  125  mg/kg/day  in  vegetable  oil  to 
Wistar  rats  either  frcm  day  1  to  20  or 
from  day  7  to  15  of  gestation.  Teratogenic 
effects  including  brain  hernias,  hy- 
drocephalia.  microphatalmia  and  an¬ 
ophthalmia  were  observed  (39).  The  no¬ 
observable-effect  level  in  this  study  was 
62.5  mg/kg/day.  Torchinski  induced 
teratogenic  effects  in  Wistar  rats  by 
administering  benomyl  (145  mg/kg)  by 
gavage  on  day  12  of  gestation  (40) . 

Hie  third  paper  (24)  which  includes 
a  study  of  the  teratogenic  effects  of 
benomyl,  suggests  that  a  diet  containing 
0.50  percent  benomyl  (calculated  by 


Battelle  to  be  about  400  mg/kg/day)  was 
not  teratogenic  to  Charles  River -CD  rats. 

It  is  difficult  to  draw  definitive  conclu¬ 
sions  from  the  results  of  this  study  be¬ 
cause  the  actual  dose  of  ch^ical  in¬ 
gested  by  the  rats  was  not  accurately 
measured. 

Although  benomyl  is  used  extensively 
on  food  crops.  Pood  and  Drug  Ad¬ 
ministration  has  not  hionitored  benomyl 
residues  in  food  in  its  Market  Basket 
Survey  (41).  The  Working  Group  has, 
therefore,  estimated  the  possible  levels 
of  exposure  to  benomyl  on  food  by  as¬ 
suming  that  benomyl  would  be  present 
in  foods  in  amounts  established  by 
tolerances.  The  Working  Group  further 
assumed  that  the  percentages  of  foods 
in  the  total  diet  would  be  those  calculated 
by  Lehman  (42).  The  Working  Group 
has  made  these  assumptions  for  lack  of 
empirical  data,  but,  in  the  absence  of 
actual  residue  data,  w’e  feel  these  esti¬ 
mates  are  the  best  available. 

If  benomyl  is  present  on  foods  in 
amounts  established  by  tolerances  and  if 
the  food  factors  of  Lehman  are  used 
(42),  the  estimated  total  daily  intake  of 
benomyl  calculated  for  a  60-kg  adult 
who  eats  1.5  kg  of  food  per  day  is  ap¬ 
proximately  1.8  mg/day  or  0.03  mg/kg 
per  day  (43).  Although  the  evidence  in¬ 
dicates  benomyl  is  teratogenic  in  Wistar 
rats  and  may  not  be  teratogenic  in 
Charles  River-CD.  the  Working  Group 
has  used  the  no -observable -effect  level  in 
the  more  sensitive  strain  in  order  to  de¬ 
termine  margins  of  safety.  The  no-ob¬ 
servable-effect  level  found  in  the  Schten¬ 
berg  and  Torchinski  study  is  sufficiently 
greater  than  the  anticipated  exposure 
from  food  intake  alone  for  the  Working 
Group  to  conclude  that  current  uses  of 
benomyl  on  food  crops  would  pose  no  un¬ 
reasonable  teratogenic  risk  to  humans 

(44) . 

Human  exposure  from  home  use  prod¬ 
ucts  is  more  difficult  to  determine.  The 
Working  Group  is  unaware  of  any 
studies  which  provide  empirical  data  on 
exposure  from  home  use.  It  is  probable 
that  a  women  of  child-bearing  age  would 
be  exposed  to  benomyl  from  home  garden 
use  in  addition  to  residues  present  in 
foods.  In  estimating  the  probable  ex¬ 
posure  the  Working  Group  has  used  a 
benomyl  concentration  of  600  ppm,  the 
highest  used  in  home  sprays  prepared 
according  to  label  directions. 

The  Working  Group  assumed  that  a 
person  could  come  in  contact  with  as 
much  as  a  pint  of  liquid  during  spraying 

(45) .  Although  no  data  on  dermal  ab¬ 
sorption  of  benomyl  were  available  to 
the  Working  Group,  it  was  assumed  that 
no  more  than  10%  would  be  absorbed. 

Using  these  assumptions,  the  Working 
Group  calculated  a  theoretical  dermal 
exposure  of  approximately  28.5  mg  of 
benomyl  per  application,  or  0.48  mg/ kg 
for  a  60-kg  woman  (46) .  A  person  might 
be  exposed  to  additional,  unquantifiable 
amounts  of  benomyl  through  inhalation 
or  accidental  ingestion  of  benomyl  from 
contaminated  hands.  The  theoretical 
amount  of  benomyl  absorbed  during 


FEDERAL  REGISTER,  VOL.  42,  NO.  234 — TUESDAY,  DECEMBER  6,  1977 


NOTICES 


61793 


home  garden  use  would  be  more  than  10 
times  that  from  ingestion  of  treated 
foods. 

On  the  basis  of  its  calculations,  the 
Working  Group  concludes  that  the 
amount  of  benomyl  to  which  women  of 
child-bearing  age  might  be  exposed  is  too 
high  relative  to  the  dose  which  has  pro¬ 
duced  teratogenic  efforts  in  animals.  Ac¬ 
cordingly,  a  rebuttable  presvunption  has 
arisen  pursuant  to  §  162.11(a)  (3)  (ii)  (B) 
against  pesticides  containing  benomyl 
which  are  registered  for  home  use. 

(b)  Reduction  in  Spermatogenic  Ac¬ 
tivity.  Acute  and  subacute  oral  studies 
identify  the  testes  as  a  primary  target 
of  benomyl.  Testicular  damage  occurred 
with  degeneration  of  genninal  tissue  and 
resultant  aspermatogenesis  at  dosage 
levels  of  3400  mg/kg  and  higher  (47) .  Re¬ 
duction  of  sperm  was  noted  both  in  rats 
administered  a  single  dose  (670  mg/kg) 
(48)  and  10  doses  (200  mg/kg/ dose)  (47). 
In  two  chronic  feeding  studies  of  dogs 
and  rats,  however,  the  administration  of 
up  to  2500  ppm  of  benomyl  the  in  diet  did 
not  demonstrate  an  effect  on  sperm 
production  (49).  A  three-generation  re¬ 
production  study  shows  no  effect  in  the 
fertility  index  of  rates  fed  up  to  2500  ppm 
of  benomyl  in  their  diet  (24). 

In  view  of  this,  the  Working  Group  has 
concluded  that  current  uses  of  benomyl 
on  food  crops  would  pose  no  unreason¬ 
able  risk  of  reduction  in  spermatogenic 
activity. 

In  addition  to  human  exposure  to 
benomyl  from  food  intake,  the  Working 
Group  considered  the  risk  to  applicators. 
The  Working  Group  is  unaware  of  any 
studies  which  provide  empirical  data  on 
applicator  exposure,  but  it  is  clear  that 
the  applicator  might  be  exposed  to 
benomyl  through  inhalation,  oral,  and/or 
dermal  contact. 

Although  the  Working  Group  only 
considered  inhalation  exposure  in  evalu¬ 
ating  this  risk,  it  is  aware  that  oral  or 
dermal  exposure  might  also  occur.  In¬ 
halation  toxicity  studies  show  a  reduc¬ 
tion  in  spermatogenic  activity  in  rats 
and  dogs  exposed  to  benomyl  at  dose 
levels  of  33  mg/kg  and  82  mg/kg,  re¬ 
spectively.  In  these  studies  no  effects 
were  observed  at  dose  levels  of  7.5  mg/kg 
in  rats  or  32  mg/kg  in  dogs  (36,  50) .  The 
Working  Group  has  used  the  no  observ¬ 
able-effect  level  (7.5  mg/kg)  in  the  more 
sensitive  species  in  order  to  evaluate  the 
margins  of  safety. 

Based  on  the  author’s  calculations,  the 
amount  of  benomyl  which  an  applicator 
would  inhale  during  4  hours  of  spraying 
is  0.24  mg/kg  (51). 

On  the  basis  of  these  calculations,  the 
Working  Group  concludes  that  the 
amount  of  benomyl  to  which  applicators 
might  be  exposed  is  too  high  relative  to 
the  dose  which  has  produced  a  decrease 
in  spermatogenic  activity  in  animals. 
Accordingly,  a  rebuttable  presumption 
against  all  pesticides  containing  benomyl 
has  arisen  pursuant  to  5  162.11(a)(3) 
(ii)  (B). 

3.  Effects  on  Nontarget  Orgarisms:  Re¬ 
duction  in  Populations  of  Earthworms. 


40  CFR  162.11(a)  (3)  (ii)  (C)  provides 
that  a  rebuttable  presumption  shall  arise 
if  a  pesticide's  ingredients,  metabolites, 
or  degradation  products  can  reasonably 
be  anticipated  to  result  in  significant 
local,  regional,  or  national  population 
reductions  in  nontarget  organisms. 

The  Agency  staff  has  evaluated  the 
methodology,  protocol,  and  conclusions 
of  each  of  several  studies  that  indicate 
that  benomyl  is  highly  toxic  to  earth¬ 
worms.  In  studies  by  Stringer  and 
Wright  (52)  earthworm  populations  were 
“virtually  eliminated’’  in  apple  orchard 
plots  sprayed  with  benomyl.  In  addition, 
benomyl  was  repellent  to  earthw'orms, 
apparently  because  it  made  food  mate¬ 
rials  unpalatable  to  them.  The  spraying 
of  benomyl  in  orchards  reduced  not  only 
the  number  and  biomass  of  all  earth¬ 
worm  species  combined,  but  also  that  of 
each  individual  species  (53).  In  experi¬ 
ments  by  Tomlin  and  Gore  (54)  appli¬ 
cation  of  benomyl  to  pastures  reduced 
earthworm  populations  by  over  90  per¬ 
cent.  Black  and  Neely  (55)  found  that 
soil  Injection  at  a  rate  of  36  g/m-  re¬ 
duced  the  earthworm  population  by  80 
percent. 

The  literature  suggests  that  treatment 
with  benomyl  does  not  permanently  re¬ 
duce  most  earthworm  populations  and 
that  they  will  return  to  normal  within  2 
years  after  treatment  is  discontinued 
(55) .  However,  Stringer  and  Lyons  found 
that  populations  of  two  species  of  earth¬ 
worms  had  not  returned  to  normal 
even  after  benomyl  application  had  been 
discontinued  for  2  years  (53) .  Since  most 
uses  of  benomyl  require  its  application 
at  least  several  times  a  year,  long-term 
effects,  such  as  changes  in  species  diver¬ 
sity,  might  well  occur  in  areas  of  inten¬ 
sive  benomyl  use. 

Tomlin  and  Gore  (54)  noted  that  the 
earthworm’s  ability  to  break  down  leaf 
litter,  aerate  the  soil,  and  distribute  nu¬ 
trients  makes  it  an  important  factor  in 
establishing  soil  fertility,  especially  in 
noncultivated  soils.  Stringer  and  Lyons 
stated  that  earthworms  are  generally 
regarded  as  beneficial  animals  in  main¬ 
taining  soil  fertility,  but  noted  that  it 
has  not  been  rigorously  proven  that  they 
are  essential  (53).  Because  it  is  not  clear 
how  earthworms  affect  soil  ecology,  the 
importance  of  maintaining  viable  pop¬ 
ulations  of  earthworms  is  open  to  ques¬ 
tion.  ’Thus,  the  Working  Group  is  unable 
to  adequately  evaluate  the  environmen¬ 
tal,  agricultural,  and  economic  signifi¬ 
cance  of  these  population  reductions. 
Comment  is,  therefore,  especially  soli¬ 
cited  on  the  relevance,  impact,  and  long¬ 
term  significance  of  such  local  popula¬ 
tion  reductions. 

The  Working  Group  recognizes  that 
many  other  factors  contribute  to  the  size 
of  earthworm  populations,  including  soil 
composition,  moisture,  temperature,  cul¬ 
tivation  practices,  and  the  use  of  other 
pesticides.  Furthermore,  it  appears  that 
the  adverse  effects  on  earthworms  are 
generally  limited  to  areas  of  applica¬ 
tion  and  do  not  extend  significantly  to 
adjacent  areas.  That  is,  the  effects  ap¬ 


pear  to  be  confined  largely  to  privately 
owned  land,  the  owners  of  which  can  be 
made  aware  of  the  likely  effects  on  earth¬ 
worms.  Nonetheless,  it  is  clear  that  the 
use  of  benomyl  according  to  current  la¬ 
bel  directions  can  reasonably  be  expected 
to  result  in  significant  local  reductions 
of  earthworm  populations.  Accordingly, 
the  Working  Group  concludes  that  a  re¬ 
buttable  presumption  has  arisen  against 
pesticide  productions  containing  benomyl 
which  are  registered  for  outdoor  use. 

IV.  Other  Adverse  Effects:  Potential 
Formation  of  N-Nitroso  Compounds 

40  CFR  162.11(a)  (3)  (ii)  (A)  provides 
that  a  rebuttable  presumption  shall  arise 
if  a  pesticide’s  ingredients,  metabolites, 
or  degradation  products  induce  “onco¬ 
genic  effects  in  experimental  mammalian 
species  or  in  man  as  a  result  of  oral,  in¬ 
halation  or  dermal  exposure.’’  Many 
chemicals  can  react  with  nitrites  to  form 
N-nitroso  compounds  (56).  Whether  N- 
nitroso  compounds  can  be  formed  from 
benomyl  or  its  metabolites  must  be  con¬ 
sidered  because  N-nitroso  compounds  as 
a  class  are  recognized  as  animal  car¬ 
cinogens  (57). 

Although  there  is  not  evidence  at  pres¬ 
ent  that  N-nitroso  compounds  are 
formed  from  benomyl  or  its  metabolites, 
benomyl  and  its  major  plant  metabolite 
MBC  each  have  two  possible  sites  of 
nitrosation.  Formation  of  N-nitroso  com¬ 
pounds,  which  is  especially  likely  in 
formulations  of  benomyl  with  nitrogen 
fertilizers,  might  also  occur  after  the 
pesticide  is  applied  if  there  are  nitrites 
present.  Such  formation  is  therefore  pos¬ 
sible  in  soil,  water,  air,  plants,  and  ani¬ 
mals  including  man. 

'Two  papers  (58,  59)  dealing  with  the 
possible  formation  of  N-nitroso  com¬ 
pounds  and  induction  of  lymphosar¬ 
comas  were  evaluated  for  the  Working 
Group  (60).  Both  papers  reported  that 
neither  MBC  nor  sodium  nitrite  alone 
produced  tumors;  tumors  did  develop  in 
Swiss  mice  given  high  amounts  of  sodium 
nitrite  (0.05  to  0.5  percent  in  drinking 
water)  and  administered  MBC  by  gavage. 

The  fact  that  lymphosarcomas  form  in 
Swiss  mice  treated  with  MBC  and  nitrite 
but  not  in  mice  treated  with  MBC  alone 
suggests  that  MBC  and  nitrite  interact 
to  create  a  stress  that  results  in  tumor 
production.  However,  the  data  do  not 
provide  evidence  for  in  vivo  production 
of  N-nitroso  MBC  (58),  nor  do  they 
establish  that  a  metabolite  of  benomyl 
is  involved  in  the  carcinogenesis. 

Furthermore,  offspring  of  mice  treated 
with  MBC  and  nitrite  during  gestation 
developed  tumors,  whereas  offspring  of 
animals  treated  with  MBC  alone  did  not 
(59).  - 

The  potential  formation  of  N-nitroso 
compounds  of  benomyl  and  MBC  is  a 
matter  of  serious  concern.  ’The  Working 
Group  solicits  further  information  on  the 
formation  of  N-nitroso  compounds  from 
benomyl  or  its  metabolites,  Uie  condi¬ 
tions  necessary  for  formation  of  such 
compounds,  and  their  potential  as  car¬ 
cinogenic  agents. 
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